Abstrct-A functional relation between the rms roughness of a rough surface and the laser induced damage threshold is found. In deriving this relation it is assumed that the effective exposed area,of the rough surface plays a dominant role in the damage mechanism. It is shown that the existing emperical relation between the rms roughness of a rough surface and the surface damage threshold could be derived from this functional relation under certain conditions.
I. INTRODUCTION
ECENT experimental evidence suggests that the damage threshold of optical surfaces is related to the surface roughness by an empirical relation of the form [l J
where E is the threshold electric field and u is the rms roughness of the surface. In general, the exponent m in (1) is observed to be around 0.5 [l ] . However, the actual functional relation between the damage threshold and rms roughness of the surface is not yet established.
We demonstrate here that a functional relationship between the damage threshold and rms roughness of the surface could be derived. For this purpose we assume that the damage threshold of a rough surface is dependent upon the effective exposed area. The actual rough surface is represented by peaks and valleys which are randomly distributed over the surface and the actual area of such a surface is naturally greater than the geometrical area. In view of these facts the real surface area of a rough surface can be considered to be a random variable and its mean value should represent the effective area which depends on the rms roughness of the surface.
The assumption that the surface damage threshold depends on the effective exposed area of the surface is quite a reasonable one, because the number of defects and impurity levels over the surface will increase with the effective exposed area. As a result of this, the surface damage threshold decreases. Usually any other contribution to the surface damage threshold is masked by the roughness dependence of the damage threshold. So the ascertaining of the dependence of damage threshold on the roughness is an important endeavor.
In the next section the effective area of a rough surface is calculated which is then related to the surface damage threshold in Section 111. (2) is nothing but the geometrical area of the surface. Equation (2) involves a random variable integration. However if the mean value of 7 is taken as the effective area of a rough surface, then Hence the effective area calculation amounts to calculating the mean value of the random variable (4) which is done in the following analysis.
Treating the rough surface as an isotropic Gaussian random process in two dimensions, the probability density for surface gradients is given by [ 3 ] f
where is the surface gradient which is a random variable for a rough surface. U(a) in ( 5 ) is a unit step function given by
m 2 is one of the moments of the profile of the surface in an arbitrary direction and its value is given by [3] m2 = n 2 u 2~$
where Do is the density of zero crossings of the profile over its mean line. To find the effective area of the'rough surface, it is required to find the probability density of the random variable X of (4). The probability density of X , using (4) , is calculated to be
where U, ( X ) is a unit step function given by Ul(X)= 1 f o r X 2 1 = O f o r X < l .
(1 0)
The mean value of X is given by
(1 1) -_m From (9) and (1 1) we have
( 1 2) The above integral can be evaluated analytically to give
. erfc 
111. DAMAGE THRESHOLD RELATION It is shown by Bettis et al. [4] that the surface damage threshold is proportional to A-'l4 where A is the area of the incident laser beam. Since for a rough surface Aeff > A , the surface damage threshold is expected to vary as A i i P . which is nothing but (1) with m = 3. Thus the above derivation explains the variation of the surface damage threshold.
In the experimental investigation of surface damage threshold dependence on roughness [I] , it is observed that the etched samples do not obey (1). This may be due to the variation of Do for the samples studied. To elaborate this point a little further for clarity we note that Do and u would be expected to vary under the following conditions: 1) Rough surfaces are prepared using varying grit sizes for the final polishing compound in the conventional polishing process; 2) rough surfaces are prepared by etching the samples after conventional polishing process. Under these circumstances we would expect (since these circumstances imply the variation of Do in our analysis) the scaliig law (1) to be inoperative. Whereas it is entirely reasonable to expect the spatial frequency Do to remain constant while the rms roughness changes when the surfaces are prepared using the same grit size for the final polishing compound, but the various samples are obtained by varying the polishing times. This is what was done by House et al. [l] in their experiments. It means, according to our analysis, Do is conshnt and hence the validity of our conclusions in regard to the applicability of the scaling law (1) for the damage threshold is shown.
Thus wherever the effective area of a rough surface plays a dominant role, the functional relation between the laser induced surface damage threshold and the rms roughness of the surface is given by
where Eb is the bulk damage threshold and C1 and C2 are IV. CONCLUSIONS It is shown by analysis that a functional relation between laser damage threshold of an optical surface and the effective area of the surface could be established by considering the surface as a random Gaussian process in two dimensions. This involves the determination of a parameter m2 which is the second-order moment of the power spectral density of the profile of the surface in an arbitrary direction. Experimentally m 2 could be obtained with a profdometer.
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Interference of a n AlGaAs Laser Diode Using a 4 Abstract-Polarization characteristics in cabled single mode fibers were studied. By using 4.15 km long fibers and a single frequency AlGaAs double-heterostructure laser,interference fringes were observed.
